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We study the transport properties of a Luttinger liquid in the presence of several time-dependent 
weak point-like impurities. Our starting point is the bosonized form of the Luttinger liquid Hamil- 
tonian with a potential introduced by the impurities. We find the correction to the total current 
due to the backscattering of the electrons by the impurities in first order of perturbation theory for 
a general time-dependent impurity potential. We then apply this result to a single time-dependent 
impurity, and show that it reproduces the result obtained by Feldman and Gefen in Ref. 0, in par- 
ticular that the current enhancement occurs only for strong repulsive electron-electron interactions. 
For the case of two impurities oscillating with the same frequency, we find a novel effect, namely, that 
the dc-component of the backscattering current is positive even for weak repulsive interactions, due 
to the presence of the interference term induced by spatial correlations in the Luttinger liquid. We 
show that the impurity frequencies at which the enhancement takes place form a band-like structure. 
In the case of several impurities, the bands become broader, because of interference effects. 

PACS numbers: 



I. INTRODUCTION 

The effect of impurities on the transport properties 
of low-dimensional systems has attracted a great deal 
of attention during the last years. In a pioneer work, 
Kane and Fisher showed that the transport of a one- 
channel Luttinger liquid through a barrier is strikingly 
different from that in a Fermi-liquid consisting of non- 
interacting electrons. 1 Using a renormalization group 
technique, they have shown that the behavior depends 
crucially on whether the electron-interactions are repul- 
sive or attractive. For repulsive interactions, g < 1, 
the barrier is relevant, and arbitrary small ones lead to 
complete reflection at zero temperature. On the other 
hand, for attractive interactions, g > 1, the barrier is 
an irrelevant perturbation and transmission is perfect 
through even the largest barriers. Non-interacting elec- 
trons (g = 1) exhibit a behavior intermediate between 
these two limits because in this case the barrier is a 
marginal perturbation. 

Later, the resonant tunneling of a single-channel inter- 
acting electrons through a double barrier was considered 
and the time-dependence of the width of the resonances 
was discussed In addition, a Hall bar with two weak 
barriers was proposed as an appropriate device for mea- 
suring the fractional charge in the quantum Hall effect, 4 
However, in all those works, the barriers were considered 
to be static. 

Recently, the transport in a Luttinger liquid 
in the presence of a time-dependent impurity was 
considered iM'7'fi The model may describe a constricted 
quantum wire or a constricted Hall bar at v = l/(2n+ 1) 
with a time-dependent voltage at the constriction^ In 
particular, Feldman and Gefeni have found an enhance- 
ment of the conductance beyond the value of the quan- 
tum of conductance, Go = e /ft, for strong repulsive 



electron-electron interactions, g < 1/2. 

In this paper we study the effect of several time- 
dependent barriers on the transport in an otherwise per- 
fect one-channel Luttinger liquid. We find that due to 
the interference term between the impurities, the con- 
ductance can be enhanced also for weak repulsive inter- 
actions, 1/2 < g < 1. In the appropriate limits, our work 
reproduces the previous known results for a single time- 
dependent impurity^ and for several static impurities A 
The model is based on the bosonization formalism and 
the calculations are performed using perturbation theory 
and the Keldysh technique. 

The structure of the paper is the following: in section 
II we present our model and derive a general expression 
for the increase of the dc current beyond the quantized 
value Go. We consider only the backscattering contri- 
bution and restrict ourselves to the lowest order of the 
perturbation theory, in which, as it is well-known, for- 
ward scattering has no effect on the conductance of one- 
dimensional systems. In section III we compare our re- 
sults with the ones for a single impurity^ and in section 
IV we discuss the multi-impurity case, with an emphasis 
on the simplest case of a double-barrier structure, where 
the novel features are already present. Our conclusions 
are drawn in section V. 



II. THE MODEL 



In this section we study the transport properties of a 
one-dimensional quantum wire in the presence of several 
time-dependent impurities located at positions x p , p — 
1,...,N. We consider spinless electrons and concentrate 
on the zero-temperature case. Using the bosonization 
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technique, the action of the model read; 
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S = 



dtdx i — 
8tt 



(d t <$>) 2 - v 2 F (d x $) 



(1) 



where the bosonic field $ is related to the charge density 
p — e^/gd x $/2ir, loq — eV/h is the Josephson frequency 
associated with the external voltage V, W p (t) is an arbi- 
trary pumping function, which controls the time depen- 
dence of the impurity potential, vj? is the Fermi velocity, 
and g measures the strength of the electron-electron in- 
teractions. In the following, we set the Planck constant 
h = 1 and the Fermi velocity vp = 1. 

We begin our analysis by introducing the backscatter- 
ing impurity operator 



(2) 



The operator for the backscattering current then reads 

I bs = -iB(t) + H.c. (3) 

In order to find the backscattering current at time t, we 
must evaluate the expectation value 



(0|5(-oo;t)7 ta 5(t;-oo)|Q), 



(4) 



where (0| denotes the initial state, and S is the scattering 
matrix. To the lowest order in W, 



S(t; -oo) = 1-i dt'[B(t')+H.c], 

J —CO 

S(-oc;t) = S*(t;-cx>). (5) 

Substituting then Eqs. JHJ into Eq. Q and keeping only 
the terms of order W 2 and zero total charge we obtain 



hs{t) 

where 



dt'(0\B*(t')B(t) - B(t')B*(t) + H.c.\0), 

i 

(6) 



\B*(t')B(t)\0) =Y,Wk{t')W j {t)e i ^ t -^J kh 



Jki 



-i v /g*(t',Xfc) e i v /g'£(t,Xj) IqJ 



= e s(o|*(t',x fc )i(t, 3:3 )|o)_ 



(7) 



The Green function of the Bose field reads 



(Q\$(t',x k )$(t,x j )\0)= - ln[8 + i(t' - t + x k - Xj)] 

— ln[(5 + i(t' — t + xj — Xk)], 



where 5 is infinitesimal. Defining now the new variable 
t = t — t', the backscattering current acquires the form 



hs(t) 



d T [e luJ ° T - H.c] J2 w k(t~ r)Wj(t) 



x{[6 + i(r + x k - Xj)] 9 [8 + i(T + Xj - x k )\ 9 - H.c.}. 

Because 5 has an infinitesimally small value, Im{[(xfc 

x 2 f 



t 2 ]-3} = 0, for \x k 



> t. In addition, 



Im[( — 1) 9 ] = Im[e lng ] = — sizing, and we eventually 
obtain 

i bs (t) = cj2 



\T 2 - (X k - X 3 ) 2 \9 V > 



k< j J\x k -Xj\ 

where C = — 4sin(7rg). Eq. {jJJ is one of the main results 
of this paper. It yields in lowest order of perturbation 
theory the backscattering current of a Luttinger liquid in 
the presence of an arbitrary number of time-dependent 
impurities, each of them providing a scattering potential 
defined by a function Wj (t) . 

We can progress further in the analytical calculation 
of some specific examples by introducing a simplifying 
assumption, namely, that the impurity potential is a pe- 
riodic function of time, Wj(t) = Wj cos(Qjt + tfj). In 
this case, the numerator in the integral in Eq. JHJ reads 

sm{ujoT)W k (t - r)Wj{t) = {WjW k /4) 
x {sin [(w - O fe )r + (Q k + %)t + <p k + ipj] (9) 
+ sin [(ci> + ^fc)r - (Q k + Qj)t - (p k - tpj] 
+ sin [(ujq - fl k )r + (Q k - Clj)t + tp k - ifj] 
+ sin [(ojq + fi fc ) T - (^fe - %)* ~ + Vj]} , 

indicating that in order to obtain a nonzero dc- 
component of the current, it is necessary to have at least 
two modes with the same frequency. Let us now define 



F g (uj,x,ip) = sm(ng) 



00 sin(wr + ip) 

dT—, — ; 



A\9 



which can be explicitly evaluated, and reads 



F g (u),x,ip) 



sin(TTff) 
23/2-s 



9-1/2 



2r 



i 



(10) 



9 T(l - 2g) 



x J g -i/2(\ux\)sgn(w) cos[p - sgn(w)7T5f] 

' ' r(2-2 5 )J 1/2 _ ff (M)sin(^) 



where J a (x) are Bessel functions of the first kind. As- 
suming that the impurities oscillate with the same fre- 
quency, fl k = CI, we find that for each term < k,j > 
in the sum there is a counterterm < j,k > with opposite 
phase. Hence, the contribution to the dc current contains 
terms of the following form, 

sin (lot + ip) + sin (lot — Lp) = 2 sin (lot) cos(<p) , 
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yielding, 



Idc — — 



WkWj cos(ifj - (fk) [F g (uj + fi, Xk - xj,0) 



+ F g (uj - ft,Xk - Xj,0)] . 



(11) 



Therefore, the dc component of the backscattering cur- 
rent generated by a set of dynamical impurities oscillat- 
ing with a frequency ft can be expressed, in first order of 
perturbation theory, in terms of the dc current for a set 
of static impurities 



1 



[i 8t {u) Q + n) + i st (ujo - o)], 



(12) 



where the dc current for a set of static impurities reads 

I at (oj) = -/ WkWj co$(ipj - ifk)F g (oj, x k - xj,0) . 
k,j 

(13) 

The above form of the dc current generalizes the result 
obtained by Feldman and Gefen in Ref. for the case 
of one impurity. Eq. l(T3jl_ e xtends the result obtained by 
Chamon et al. in Ref. |j for the dc component of the 
backscattering current generated by a set of static impu- 
rities. It is worth noting here that the function I s t(u>) 
is odd, I st (—oj) = —I st (uj), and can be represented as a 
product of a dimensional factor and a function of dimen- 
sionless variables u>Xk, since 

F B {u,x,0) ~ Ixf-^W-Wjg^ftQwx]). (14) 

The dimensionless part remains invariant with scaling 

u> — > u>' = urj, Xk — » x' k = Xk/Tj,Vk, (15) 

whereas both currents I s t and Idc scale with the dimen- 
sional factor 

I st (u,{x k })^I st (cj',{x' k }) =r ? 2s - 1 / st (a;,{a ;fe }). (16) 

This leads to a conclusion that the inter-impurity sep- 
aration can be fixed without any loss of generality, i.e., 
the dependence of the dc current on the inter-impurity 
separation is the same as on the Josephson frequency, 
uio, up to a factor, which is a power of the distance be- 
tween the impurities. Therefore, by fixing the distance 
between the impurities and considering the dependence 
of the dc current on the Josephson frequency, we can also 
obtain the dependence of the dc current on the distance 
between the impurities, as a consequence of the scaling 
transformation, given by Eq. 111. 'it . 



III. SINGLE TIME-DEPENDENT IMPURITY 

This case has already been discussed in the literature, 
see Refs.00 Here, we follow the notation of Refs. RUTH 
and calculate the dc contribution to the total current 
I = Idc + lac, for the sake of completeness, as well as 




Figure 1: Idc versus loo for one static impurity with U 
(a) g = 1/4. (b) g = 3/4. 



to show that our model correctly reproduces the well- 
known limit. Defining Wj = U and using Eq. l|T3ll . we 
may express the dc current for one static impurity as 



-2[/ 2 F g (w ,0,0). 



(17) 



where the function F g (wo,0,0) can be determined using 
asymptotic properties of Bessel functions for small values 
of the argument, 

-C/ 2 sgnMr(l - 2 3 )sin(2 7 r ff )| Wo | 29 - 1 . 



1st (w ) 



(18) 



This function is plotted in Fig. 1 for different values of the 
interaction strength, g, and we set U = 1. Using Eq. (I12II . 
the dc component of the backscattering current generated 
by the presence of a single time-dependent impurity reads 

IP 
2 

- (Sl- 



ide. — 



(19) 



-uv)^- 1 }, il>u J() , 
Idc = -^-r(l-2 5 )sin(2^ 9 )[( Wo -fi) 2 9- 1 

+ (fi + wo) 29 " 1 ], O<w , (20) 

which is in agreement with Ref. 0, after replacing the 
dimensionless variables by the dimensional ones. The 
correction to the conductance may also be promptly eval- 
uated, 

dldc I _ e dldc I 



AG 



(21) 
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which yields 

eU 2 
AG = --— 



(l-2 5 )r(l-2 fl )sin(27r 5 )n 2 «- 



The interesting result for the time-dependent single- 
impurity case£ is that at strong repulsive interactions, 
g < 1/2, the backscattering current becomes positive for 
il > uj , thus leading to an increase of the conductance, 
in comparison with the impurity-free value, Go = e 2 /h. 
The ac contribution to the current may be analogously 
calculated using 

I ac = -U 2 lim [F g {ojq - ft, d, 2Clt) + F g {n + uj , d, -2Qt)] , 
which yields 

I ac (t) = U 2 T(l - 2g) sm{ng) cos(ng + 2Q,t) 

x [(n-woj^-cn + wo) 2 *- 1 ], n>io , 

I ac (t) = -C/ 2 r(l - 2g) sin(7r ff )[cos(7r 3 - 2flt)(uj - Q) 2 ^ 1 
+ cos(7rg + 2nt)(tt + uj ) 29 ~ 1 }, fl < lu . 



time-dependent impurities separated by the distance L. 
We consider the case when the two impurities oscillate 
(22) with the same frequency, O, and allow for a phase shift 
between them. Let us first analyze the dc current contri- 
bution to the total backscattering current as a function of 
the Josephson frequency ujq associated with the external 
voltage V for two static impurities (considered before by 
Chamon et al. in Ref . for g < 1/2). In this case, Eq. 
(ffTTfl yields 



■o -5 




Figure 2: Idc versus wo for two static impurities with L = 1 
and (7 = 1. (a) g = 1/4. (b) g = 3/4. 



IV. SEVERAL TIME-DEPENDENT 
IMPURITIES ON A LATTICE 

In this section we first concentrate on the simplest case 
involving more than one impurity, namely, the case of two 



Itiuo) = /iftwo) + 4*Vo) + ITM (23) 

where the first two terms are the dc currents for the single 
impurity 1 and 2, respectively, given by Eq. ffs]). and the 
interference term reads 



r(2) 



J M = -iWiW 2 oaa<pF g (ua,L,0). 



(24) 



After including the functions F g defined in Eq. ifTfljl . we 
obtain the explicit form of the interference term 



/™'M = -2WW 2 sgnM cos(^)£ 



l-2g 



(25) 



7rr(l/2 + g) , 
2 1 /2-sr(2g) 



Ho 



9-1/2 



(ko£|), 



where we used the following identity 

sin(27rg)r(l - 2g)Y{2g) = n. 

For small distances ujqL <C 1 the case of two impuri- 
ties reduces to the above-considered single impurity case 
with an effective amplitude of the impurity potential 
U 2 = W 2 + Wl + 2W X W 2 cos((p), which results from the 
asymptotic property of the Bessel function 



lim \x 



1/2- 



9 J g -l/2(\x\) 



21/2-9 

r(i/2 + ff )" 



(26) 



Let us now plot Eq. Il2.'it to render the results more 
visible. We first consider two impurities with equal am- 
plitudes of the potential, W\ — W2 — U, and without the 
phase shift, (p = 0, to simplify the problem. We plot in 
Fig. 2 the dc current for two static impurities as a func- 
tion of wo- In Fig. 2a, the interaction strength, g = 1/4, 
whereas in Fig. 2b g — 3/4. As it was argued above, fix- 
ing L = 1 does not lead to any loss of generality, since the 
value of the current for some other length can be obtained 
by scaling. Comparing Fig. 1 and Fig. 2 we can conclude 
that the interference term modifies the dc current in a 
way that it becomes a non-monotonous function of the 
external voltage. The dc current for the two impurities 
oscillating with the same frequency 17 can now be readily 
obtained using the result for the static impurities, Eqs. 
(l2*3l and 1(2*4^1 , and Eq. lfT2l , which relates the current for 
the dynamical and the static impurities. 

The dependence of Idc on fl and luq can be better ob- 
served in a 3D plot, see Fig. 3a. In Fig. 3b we selected 
only the positive contribution in order to facilitate the 
visualization of the region where the novel effects arise. 
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Figure 3: (a) Dependence of the dc current on the Josephson 
frequency, u>o, and the impurity frequency, f2, for two impu- 
rities with L = 1, U = 1, and g — 3/4. (b) the region with a 
positive dc current, Idc > 0. 



Let us first notice that the backscattering current en- 
hances the total current even for weaker (g > 1/2) repul- 
sive interactions, see Fig. 3b. The impurity frequency at 
which this effect arises coincides with the Josephson fre- 
quency at which the current for the static impurities has 
a positive slope, see Fig. 2b. This result contrasts with 
the one obtained for the single time-dependent impurity, 
where no positive contribution exists for g > 1/2, since 
the dc current for a single static impurity monotonously 
decreases with the Josephson frequency, see Fig. 4a. On 
the other hand, the presence of the interference term in 
the case of two impurities gives rise to a more compli- 
cated non-monotonous behavior of the current with the 
external voltage, which leads to an enhancement of the 
total current even for weak repulsive interactions. 

For illustrative purposes we consider a particular sec- 
tion of the 3D plot in Fig. 3a defined by the plane Q = 3 
for the novel case where there is an increase of the cur- 
rent, namely, g = 3/4. The dc current dependence on the 
Josephson frequency, shown in Fig. 4b, indicates that the 
total current is increased for small values of w ■ Beyond 
a critical value Uq the current becomes negative, and at 




Figure 4: Idc versus too for g — 3/4, £1 = 3, and U = 1. (a) 
one impurity, (b) two impurities with L = 1. 

luq = fl a step can be observed. 

This effect can be understood by considering the rela- 
tionship between the dc currents for the time-dependent 
and the static impurities. Recalling that I s t(u) is an odd 
function, we may rewrite Eq. 11211 as 

J«fc = -[Jrt(n + wo)-i.t(fi-wo)]. (27) 

For a positive dc-component of the backscattering cur- 
rent, Idc > 0, the previous equation implies 

J st (u;o + ft) >Z rt (n-wo). (28) 

The odd function I s t(w) is negative for positive argu- 
ments, the inequality can thus only hold if Q, — luq > 0, 
since for £1 — u < 0, the function I st is positive, 
J s t(fi — Wo < 0) > 0. In the one-impurity case, the func- 
tion I s t(uj) monotonously increases with lj for g < 1/2, 
hence the inequality 12811 holds for fl > ujq, resulting 
in a positive dc current. On the other hand, for weak 
repulsive interactions, g > 1/2, the current I s t is a de- 
creasing function of its argument, the inequality l|28|l is 
not obeyed, and, consequently, the dc-component of the 
backscattering current is negative. In the case of two 
impurities, the function I st is non-monotonous even for 
weak repulsive interactions, g > 1/2, meaning that there 



6 



are intervals of frequency in which the function I s t in- 
creases. If the frequency of the impurity belongs to one 
of such intervals, according to Eq. l|28jl . the total current 
is increased, at least for a small Josephson frequency, 
(x>o <C f2. This effect arises as a consequence of the in- 
terference term, given by Eq. ll25l) . which results from 
the spatial correlations in the Luttinger liquid that in- 
fluence the backscattering current due to the presence of 
two point-like impurities. 

In general, for any number of weak impurities, the dc- 
component of the backscattering current is positive, if for 
some frequencies < uj\ < u>2, the static current obeys 



J st (wi) < 7 s4 (w 2 )- 



(29) 



The corresponding positive value of the dc current, ac- 
cording to Eq. (tl2l . reads 



{ui)] = \[\isM\- 



|/«t(w 2 )|], (30) 



where the frequencies oji and ioi are related to the 
Josephson frequency, ujq, and the frequency of the im- 
purity potential, f2, as follows 



il=i(W2+Wl), UlQ 



1 



(oj 2 - oj%). 



(31) 



The criterium for a positive dc-component of the 
backscattering current, given by Eq. i|29|) . implies that 
there exists an interval of frequencies where the static 
current increases. Then for the impurity frequency, O, 
belonging to such an interval, and the Josephson fre- 
quency cjo <C fi, using Taylor expansion of the static 
current, I s t, in Eq. l|27Jl and keeping only the linear term 
in Josephson frequency, we obtain 



I dc = I' st {£i)u +O{u>l). 



(32) 



Therefore, in the case of weak impurities when the expan- 
sion to the lowest order of perturbation theory is valid, 
the backscattering current is positive for any frequency 
of the impurity potential, f2, such that the static current 
has a positive slope, I' st iy>) > 0, and the Josephson fre- 
quencies loq <§C f2. However, this is not the most general 
situation, since it may occur, depending on the form of 
the static current, that for some frequency Q, the static 
current decreases, /^(fl) < 0, but the frequency ujq is 
such that the inequality 12811 is still obeyed. 

Let us now return to the case of two impurities, where, 
as we will show below, the increase of the total current 
occurs only for the frequencies of the impurity potential 
at which the static current increases. The static cur- 
rent in this case is such that for two consecutive local 
minima and local maxima, uiminx < w moi i < w m j„2 < 

U m ax2, it Obeys I s t(u,naxl) > I st(^minl) > Ist{^max2) > 

I s t(umin2), see Fig. 2b. Then, the maximal current en- 
hancement reads 



1 



The corresponding frequency of the impurity potential 
and the Josephson frequency are given by Eq. lj3l")) with 
lui = uJmini and ll>2 = w ra oii- In the case of two impuri- 
ties, the current enhancement Idc > occurs only for the 
impurity frequencies fl such that I' st {^) > 0, since the 
static current decreases faster than it increases. More- 
over, due to the quasi-periodicity of the function I st , each 
interval of frequencies where I' st (f2) > is followed by an 
interval with I' st (Q) < in which the current enhance- 
ment never occurs. Therefore, the set of impurity fre- 
quencies such that the dc-component of the backscatter- 
ing current is positive has a band-like structure. Finally, 
for a fixed impurity frequency, the maximum value of the 
Josephson frequency, ujq , for which is possible to observe 
the current enhancement is limited to the maximal ujq 
such that -T s t(f2 — loq) = 7 s t(Jl + loq). 
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(33) 



Figure 5: Idc versus ujo for TV = 20 static impurities homoge- 
nously distributed on a lattice with the length L = 1 and with 
the phase shift Atp, for g = 3/4 and U = 1. (a) Aip = 0. (b) 
Av? = tt/IO. 

We now discuss the dc current for N time-dependent 
impurities homogeneously distributed on a lattice, and 
separated from each other by the distance d = L/(N— 1), 
in the case of weak repulsive interactions, g > 1/2. Since 
the dc current for the dynamical impurities is related to 
the current for the static ones, Eq. 11211 . in the following 
we only consider the latter. In this case, the current con- 
sists of N single- impurity contributions and an additional 
term, which is a sum of the interference currents over all 
possible pairs of impurities. The interference term of a 
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pair of impurities, located at Xj and Xf., given by Eq. (1241) . 
is quasi-periodic in frequency with period 2n/\xj — Xk\. 
As we discussed above, the values of the impurity fre- 
quency where an increase of the dc-current occurs form 
a band-like structure, and thus the values of fl for which 
Idc > in the case of N impurities are determined from 
the overlap of the bands for each pair of impurities. This 
overlap occurs within the frequency range determined by 
the widest band formed by the pairs of impurities, which 
is the one for the two nearest-neighboring impurities, and 
thus has the period 2n/d. The frequency dependence of 
the dc current is displayed in Fig. 5a for N = 20 im- 
purities homogeneously distributed on a lattice with the 
length L = 1. It shows that the frequency region with 
positive dc current is approximately 20 times larger than 
in the case of two impurities, in agreement with the above 
arguments. Finally, in Fig. 5b we observe that a finite 
phase shift between the impurities leads to the appear- 
ance of a new region where the function I st (u> ) increases, 
and thus generates new bands with a positive dc compo- 
nent of the backscattering current. 

V. CONCLUSIONS 

In this work, we studied the transport properties of 
a Luttinger liquid in the presence of several weak time- 
dependent point-like impurities. Our approach is based 
on the bosonized version of the Luttinger liquid Hamilto- 
nian, in which we considered the current of the electrons 
backscattered by the impurities in lowest order of pertur- 
bation theory. We first found the backscattering current 
induced by a set of weak impurities with an arbitrary 
time-dependent potential, and we then concentrated on 
the particular case of a periodic potential. The obtained 
form of the dc current for several impurities oscillating 
with the same frequency, given by Eq. ifTTll . generalizes 



the result for a single dynamical impurity obtained by 
Feldman and Geffen in Ref.Q- Moreover, we showed that 
the dc current generated by a set of time-dependent im- 
purities with a frequency f2 in the presence of an external 
voltage luq — eV/H reduces to the sum of the currents for 
static impurities subjected to an external voltage |u;o±f2|, 
as described by Eq. ltl2)l . This result enabled us to re- 
duce the problem of calculating the dc current of the 
dynamical impurities to the one of the static impurities. 

We applied the result for the backscattering current to 
a single time-dependent point-like impurity, and showed 
that it reproduces the result obtained by Feldman and 
Gefen, i.e., that the current enhancement is only possi- 
ble for strong repulsive interactions, g < 1/2. We then 
concentrated on two dynamical impurities. In this case, 
the presence of spatial correlations in the Luttinger liq- 
uid leads to a non-monotonous behavior of the static cur- 
rent, which, in turn, gives rise to a positive dc-component 
of the backscattering current even for weak repulsive in- 
teractions, g > 1/2. Using the form of the dc current 
for a set of dynamical impurities in terms of the cor- 
responding static currents, given by Eq. ltl2ll . we found 
that for two dynamical impurities the current enhance- 
ment occurs only for the values of the impurity frequency 
for which the static current ltl3ll has a positive slope, 
I'stify > 0. Due to the quasi-periodic form of the static 
current for two impurities, the values of the impurity fre- 
quency for which the total current is enhanced form a 
band-like structure. Finally, we considered several impu- 
rities homogeneously distributed on a lattice, and found 
that an increase of the total current also occurs for weak 
repulsive interactions, g > 1/2. The frequencies of the 
impurity potential at which the increase takes place have 
a band-like structure, as in the case of two impurities, 
but the width of the band scales with the number of im- 
purities, for a fixed length of the lattice. 
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